Abstract: The self-repairing reaction of polymer chains cleaved due to degradation was elucidated through the use of degradation poly phenylene-ether (PPE) related polymer composites. In the case where the cleavage of main chain partially occurred, a spontaneous re-bonding reaction proceeded at the chain ends with copper/amine complex added as a catalyst. The relative value of molecular weight was determined as a criterion of the self-repairing reaction. This reaction was also found to proceed as a redox mechanism for supplying oxygen continuously into the system. Through these processes, the oxidation state of copper was changed from a mono-valent state to a di-valent state that was active for the re-combination reaction between chain ends in polymer. Moreover, blending several kinds of plasticizers with PPE enabled the increase of its molecular weight because of recombination between chain ends that had been cleaved by degradation. During the re-polymerization, water discharge was detected, and the correlation between the ratio of yielded water and increase of molecular weight was clarified. From these results, we concluded that the concept of the self-repairing mechanism could be applied to a wide range of industrial materials and that it had a strong potential to overcome environmental and resource problem in the near future.
Hay discovered the polymerization method [7] , the research on the improvements on the mechanical, chemical, and thermal properties have been carried out continuously. In particular, many researchers have focused on the improvement of fluidity, such as PPE/PS (polystyrene) alloy, for easy processing [8, 9] . Although the improvement of fluidity is still important, other aspects such as flame retardation, and low dielectric properties as well as material reliability have recently become popular subjects of interest. Consequently, the fatigue phenomena of plastics have been studied since the 1960's. However, almost all of these studies were the analogy of the metal fatigue phenomena. In reality, the fundamental phenomena of plastic fatigue are considered to be different from those of metals. As some papers have reported, the decrease in entanglement density in the polymer network is thought to be the main factor in plastic fatigue [10] . trations of oxygen (oxygen-partial pressure). Relative values (Mw/Mw,0) were plotted for various oxygen-partial pressures in the system. Heat treatment of film samples were performed under various oxygen-partial pressures' atmosphere in the chamber. Relative value of Mw was found to increase with the increasing of the concentration of oxygen (oxygen-partial pressure in the system). This simple result is due to a redox coupling reaction similar to the reaction that has occurred in the polymerization between the pheoxy end and the phenyl end under oxygen atmosphere [13] as illustrated in Fig. 2. 3.2. Influence of Plasticizer on Self-Repairing Reaction Next, to clarify the dependence of the mobility of the polymer chain on the self-reparing reaction in the PPE-related polymer composite, dependence of the concentration of the plasticizer (dimethylphthalate: DMP as in this case) on molecular weight (Mw) was determined, as shown in Fig. 3 . PPE-related polymer composites with various PPE/DMP ratios were aged in the thermal test chamber under oxygen atmosphere. Each 
Influence of Oxygen Concentration on Self-Repairing Reaction-Kinetic Speculation-
In this section, we elucidated the effect of oxygen on self-repairing reaction as described above from the view-point of kinetics. Self-repairing reaction is assumed to occur at the polymer chain ends, OH ends yielded by degradation. On the condition that the catalytic repairing reaction proceeds at the OH ends, its mechanism could be described as follows:
According to the classical Michaelis-Menten mechanism of the catalytic reaction on the homogeneous surface, the following reaction scheme is given:
Where OH, Cu cat, and Cu-OH complex are PPE polymer chain end, Cu/amine catalyst, and Cu-polymer chain intermediate complex, respectively. Then, the rate of product is given by the following equation:
From the steady-state approximation, the following relation can be induced: When Eq. (6) is integrated by time, the following relation is given:
As the time-elapsed concentration of polymer chain end can not be measured directly, it can be related with the relative value of molecular weight as the function of the oxygen-partial pressure (described in Fig. 1) . From these equations, the kinetic constant (k') can be obtained. k' are shown as a function of oxygen concentration (partial pressure) in Fig 4. As is evident from this result, there is a co-relationship between the oxygen concentration and the reaction constant (k'), which suggests that the self-repairing reaction is strongly influenced by the oxygen concentration in the system. The reason why Fig. 4 . Dpendence of oxygen concentration on the kinetic constant (k') on the self-repairing eraction in the PPE-related polymer composite. the reaction constant decreased with the increase of the reaction time is because the mobility of the polymer chain decreases with the increase of molecular weight, and the repairing reaction is retarded by the decrease of the OH ends in polymer that have not yet reacted.
Water Discharge due to Self-Repairing Reaction
On the condition that the re-combination reaction occurs at the polymer chain ends by the catalytic redox reaction under oxygen atmosphere, the resulting water discharge should be detected from the polymer samples.
To measure the amount of water discharge, careful measurement was required in the level of micro-grams, since the amount of water discharge was very small [14, 15] . The relationship between the degree of the relative value molecular weight (Mw/Mw,0) and the amount of 
